Chapter V
Conclusion
For a network to e ciently support tra c with multiple QOS de nitions, including hard bounds on delay, there must be hardware support for scheduling algorithms that can help real-time cells meet their deadlines. This is the fundamental message of Asynchronous Time Sharing, and the springboard which gave ight to the ideas developed in this dissertation. For once one assumes the existence of multiple QOS classes, as well as the use of possibly complex scheduling algorithms to help meet the challenge of providing QOS, one quickly loses hope of nding analytical solutions to the complex queueing-theoretic problems involved in performance evaluation. Another approach was called for, one in which the knowledge base on which controls are built comes not from analytical models but from actual measurements. Therefore, we have found little use for the tra c descriptors proposed in almost all the literature on ATM network control. Our tra c descriptors, in e ect, are to be built from long term observations of actual sources, interacting with each other under a particular scheduling algorithm. The results, stored as the schedulable region, distill the operationally necessary information into a single data structure.
Based on this concept, we have shown that the admission control problem may now be formulated and solved at the call level in much the same way as was done for multirate circuit-switched networks. In fact, this might be the most important ob-servation in this work. The development of the control hierarchy for circuit-switched networks is far more advanced than that developed so far for broadband networks. The discretization of the space of possible tra c sources, and the hiding of all cell-level phenomena in the schedulable region, make the broadband network, at a certain level, look very similar to the multirate circuit-switched network. This raises the hope that much of the upper levels of this far more advanced control hierarchy can be adapted rather painlessly to meet our needs.
Many questions raised in the course of our research still stand unanswered. Foremost among them is how the schedulable region is to be established and stored. In our work with simulations, we exhaustively sampled the discrete 3-dimensional space of our test systems to determine the boundary of the schedulable region. The low dimensionality of the system was a direct result of our simplifying assumption that just one service class was mapped onto each tra c class. In reality, it is more likely that the number of services supported over a broadband network will be on the order of 20 or more. With this increase in dimensionality, the exhaustive sampling approach will no longer be feasible; nor will we be able to store the schedulable region by listing the set of boundary points. A functional form will need to be assumed, and a testing scheme established to x its parameters. In the simplest case, it may be found that an approximating hyperplane will su ce; in more complex cases, perhaps a region could be expressed as an intersection of several hyperplanar regions.
We have suggested in Chapter IV that a standards committee be appointed to de ne the schedulable region (SR) of a switch. There is a certain appeal to the notion that a single standard methodology be used for all nodes. Due to the complexity of the SR identi cation task, as discussed above, it is unlikely that di erent companies would compute consistent results. Conversely, we have previously suggested that the schedulable region for a switch be periodically updated based on measurements taken during routine use with actual sources. This would have the advantage of enabling a switch to adapt to cell-level phenomena peculiar to nonstandard, locally generated tra c. It would also give a switch some ability to adjust for the di erence that may be observed between the cell tra c characteristics as seen at the tra c sources and the characteristics of that same tra c after having passed through several previous queueing stages. Both methods for determining the schedulable region have their place. A representation of a laboratory-determined SR should be stored permanently in a switch, and will be the default whenever a switch is started up or reset. As a switch gains experience in a particular operating environment, it may gradually introduce changes into a more dynamic representation of the SR, which will be stored separately from the rst. This approach should o er good initial performance as well as future adaptability. 
